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The analysis is then extended to some time dependent properties, such as the dynamic viscosity and the real part of the complex modulus. It is shown that these properties exhibit cross-overs. Universal coordinates are proposed for their study. Finally, a criticism of the so called reduced variables coordinates is given. Another set of variables is given, which is valid for both low and high frequencies, whereas the usual method failed for high frequencies. [4] , while light scattering has been more suitable for dynamical properties [5] . In this paper, we wish to give a scaling approach to dilute polymer solutions, mainly in the good solvent regime. Some properties may (hopefully) be checked by Neutron Scattering, but our purpose is to give some more general properties of frequency dependent functions of dilute polymer solutions in good solvent.
Different theoretical models have been given [6, 7, 8, 9, 10] [1] that it is in fact the correlation length exponent of an n-vector model [16] [20] and finally if we go on lowering temperature, a phase separation occurs.
In the following, we will restrict ourselves to regimes (a) and (b) and especially to regime (a) where the situation is very rich [21] .
Before we go into dynamical properties, let us briefly recall the static properties of dilute solutions. To this end let us consider for example the scattering function by a chain where Rij is the vector connecting monomers i and j, and q the scattering vector (q = 4 n/À sin 0/2, Â wavelength, 0 scattering angle).
For dilute solutions it can be shown that S(q, r, N) can be put into the scaled form [22] which indicates that the characteristic length in the theta regime (j T N 1/2 «1) is proportional to N 1/2 as mentioned before.
In order to study the good solvent regime, we have to consider an equivalent form for S(q, r, N).
In the good solvent regime, we have Ni2 &#x3E; 1. Relation (8) The function S(q', N') has to exhibit the excluded volume exponent v [1] which shows the variation of the radius of gyration of a chain in a good solvent quoted above.
The main features exhibited by this approach are the following : 1) In the theta solvent, the behaviour of a chain is uniformly q-2, as long as possible entanglement effects are neglected [24] .
2) When temperature is raised, we get into the good solvent regime. In this régime, the excluded volume exponent v appears for large scale properties, whereas for properties conceming small distances, the behaviour is identical to that of the theta regime.
For example, the scattering function has a q-1/v behaviour for small values of the scattering vector and a q-2 behaviour for large values of q. The crossover between these two characteristic behaviours occurs for a value of the scattering vector q* --' -r as can be seen from relations (8) and (9) . This typical two-regime behaviour has been recently checked by small angle neutron scattering [25] . As a simplified visualization, one can imagine the chain as a succession of blobs. Inside each blob, the behaviour is that of the theta régime. The chain is a succession of blobs with excluded volume [26] . [30] indicate that relation (10) is still valid for solutions in a good solvent. Their experimental value for the dynamical exponent z is slightly different from the Zimm value (good solvent) .
As this value is in agreement with other experimental results [13, 34] , we shall take z = 2.9 for the dynamical exponent in good solvents.
Having now all the required ingredients for the puzzle, we may discuss the frequency dependence of the scattering law and generalize our scaling relation (7) : in the vicinity of the theta point, we assume that the scattering function has the scaled form :
One can check easily that equation (7) [25] that the actual polymer chain in a good solvent is a delicate mixing of both of them, including a theta like behaviour at short distance. Relation (11) indicates the same structure for the dynamical properties, as we will see below. The important point to be mentioned here is that the scaling of the characteristic times depends strongly on the scale under consideration : if n is a contour length along the chain, the characteristic times do not have the same structure for every value of n.
For large values of n, we have the good solvent behaviour (wc'" q2.9). . For values of n which are small (although much greater than the step length 1), we recover the thetalike behaviour (co,,, -q3).
The cross-over value for n depends on temperature.
When TN 1/2 _ 1, the theta-like behaviour extends to the whole chain. These seem to be rather subtle considerations about a very weak and probably non-directly-measurable difference. But we are going to see that they lead to significant differences in other related properties.
Let us extract from relation (11) the characteristic features of dynamical properties of polymer solutions in theta solvents.
i) The characteristic frequency has the usual q3 behaviour as mentioned above. Equation (11) Fig. 1 ). (15) and (22) : One can easily check that by lowering the temperature, we get back relation (16) at the cross-over temperature Tc '" N -1/2 separating the theta regime from the good solvent regime [19] . So When the system is known to exhibit a given number of characteristic lengths, one can expect from the above considerations that it will present an equal number of characteristic frequencies, to which the frequency range under study has to be compared.
In the theta regime, one has only one length, namely the radius of gyration R of the chain. As a consequence, the characteristic features of the polymeric nature will be observed in the range
In the good solvent regime, relation (26) has to be replaced by Moreover, this range has to be divided in two parts, due to the appearance of another length, the radius j of the blob. This introduces another frequency m* -i3 as we have said above.
For frequencies lower than co*(Oî ' « co « ro*), one expects the characteristic features of the chain in a good solvent to be exhibited, whereas for higher frequencies (m » ro*), the characteristic properties of the blob must appear. As we have seen in the preceding sections, these properties are independent of the length of the chain and depend only on temperature (and naturally on frequency).
As a first example, let us consider the dynamical viscosity il(co). It is related to the imaginary part of the complex modulus [13] when Co « N-vi -r3-2vi '" 0-1 (with v x 0.6 and z m 2.9). b) For higher frequencies, one used to predict that the viscosity tends simply towards the viscosity fis of the solvent, as m increases. The new scaling shows however that there is a specific contribution to viscosity at high frequencies, coming from the blobs. According to eq. (30'), one has the residual viscosity :
which is the corresponding theta-like behaviour.
So for intermediate frequencies one expects a contribution of the polymer chain proportional to T -l .
Let us notice that this contribution is still theta like. This means that it does not scale like the overall part which needs the exponents v and z. The corresponding behaviour is sketched on figure 2. Such a cross-over in the viscosity has indeed been observed [13, 22] .
In the same way, let us consider the real part G' ( Q) ) of the complex modulus [13] . The scaled form of this quantity will be given below for the discussion of temperature effects. But from simple scaling arguments, one can show that in the theta regime, and in the interesting domain (26) we have [4] where C is the monomer concentration, and T the temperature (we take Boltzman's constant equal to unity).
In the good solvent régime, and for low frequen- [33] aT :
(1) Eq. (29) is obtained by the same method as before by using the scaled form for G'(co) (refer to eqs. (34) and (34') In the theta regime, we have found (see eq. (28) to the first order in e (e = 4 -d, d = dimensionality of space). This is the first time that such an approach, which was noticeably lacking, has been formulated.
